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Cell–cell signalling: Frog frizbees
Aaron M. Zorn 
The recent discovery that Frizzled proteins are
receptors for Wnts has been quickly followed by the
identification of a secreted protein, Frzb, that is related
to Frizzled, expressed by the Spemann organizer in
frog embryos and can bind to and antagonize Wnt
developmental signalling molecules.
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The Wnts are a family of secreted glycoproteins that
modulate cell fate, proliferation and behaviour in many
adult and embryonic tissues [1–3]. Since the discovery of
the mouse proto-oncogene Wnt-1 (int-1) by Nusse and
Varmus in 1982 [4] and the subsequent identification of its
Drosophila homologue wingless (wg) as a segment polarity
gene, the Wnt signalling pathway has been the subject of
intensive investigation. For a long time, however, there was
a missing page in the Wnt story, because the identity of the
Wnt receptor was a mystery. This important addition came
when the Drosophila segment polarity gene frizzled-2 (Dfz2)
was shown to encode a good candidate for the long-sought-
after Wnt receptor [5]. Frizzled family members encode
seven-pass transmembrane proteins with large, cysteine-
rich extracellular domains. A number of lines of evidence
suggest that Frizzleds can bind Wnts and act as Wnt recep-
tors, or at least as parts of Wnt receptor complexes [6].
Just when we thought that the pieces of the Wnt pathway
were falling into place, an unexpected spin has been put
on the regulation of Wnt signalling by the recent discovery
of Frzb — pronounced frizbee — by Leyns et al. [7] and
Wang et al. [8]. It turns out that Frzb is a secreted protein
structurally related to the putative Wnt receptor, Frizzled.
Furthermore, secreted Frzb is able to bind Wnts directly
and thereby antagonize Wnt signalling [7,8]. If all this was
not enough, frzb is first expressed in the now famous
Spemann organizer of the Xenopus embryo. Thus, Frzb is
generating interest in a number of areas, including signal
transduction, oncology and developmental biology, as in
addition to providing new insight into the regulation of
Wnt signalling it is extending our understanding of the
molecular nature of the embryonic organizer. 
The discovery and functional analysis of Frzb
The Frzb story began from two quite different starting
points. A collaboration between the Luyten and Moos
groups identified a novel protein from bovine cartilage
extracts that contained bone-inducing activity [9]. Surpris-
ingly, one peptide from the active fraction turned out to
have sequence similarities to the extracellular domain of
Frizzled, the putative Wnt receptor, and they called the
new protein Frzb (for Frizzled and bone). To investigate
the intriguing possibility that Frzb might be involved in
Wnt signalling, the Moos and Luyten groups cloned
Xenopus frzb and analyzed its function during early devel-
opment [8], where the Wnt pathway is well characterized.
At the same time, De Robertis and colleagues, in the
course of investigating the molecular components of the
Spemann organizer, isolated the same Xenopus frzb gene,
as well as mouse and human homologues [7]. 
The Xenopus and mammalian frzb sequences encode
proteins of approximately 300 amino acids with significant
similarity to the extracellular domain of Frizzled, including
a series of ten diagnostic cysteine residues [7–9]
(Figure 1). Interestingly, Frzb lacks the transmembrane
region found in Frizzled, suggesting that it might be a
secreted protein. Both groups confirmed this when they
detected Frzb protein in the cultured supernatant of
Xenopus oocytes and tissue culture cells that were
ectopically expressing frzb [7,8]. As Frzb is similar to the
putative Wnt-binding region of Frizzled, they next asked
if Frzb can physically interact with Wnts. Leyns et al. [7]
approached this by showing that epitope-tagged Frzb
would bind to the surface of cells expressing a membrane-
anchored form of Wnt-1. Furthermore, Wang et al. [8] were
Figure 1
Frzb is structurally related to the cysteine-rich extracellular domain
(CRD) of Frizzled, the putative Wnt receptor. The structures of mouse
Frzb (Mfrzb), Xenopus Frzb (Xfrzb), rat Frizzled-1 (Rfz-1) and
Drosophila Frizzled-2 (Dfz2) are shown schematically, and the
sequence identities of the CRDs (red) relative to that of Mfrzb are
given. Frzb lacks the seven transmembrane spanning regions (green)
found in Frizzled proteins, but contains a signal sequence (blue)
indicating that it is secreted. The predicted number of amino acids for
each protein is indicated to the right.
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able to show by co-immunoprecipitation experiments that
epitope-tagged Xwnt-8 or Wnt-1 could directly interact
with Frzb, in either reticulocyte lysates or transfected cells. 
Considering that Wnts have been implicated in Xenopus
embryonic patterning, it was exciting to find that frzb is
expressed in the Spemann organizer [7,8]. The organizer is
a small group of cells at the dorsal lip of the Xenopus gastrula
analogous to the node in mammals, Koller’s sickle in chicks
and the shield in zebrafish. These cells have the amazing
ability, when transplanted to the ventral side of another
Xenopus embryo, to induce the host cells to change fate and
form a second axis, resulting in a siamese twinned embryo
[10]. In normal development, the organizer functions by
patterning the mesoderm, inducing dorsal–lateral cell types
in the adjacent mesoderm. To date, a number of secreted
molecules, such as noggin, chordin, cerberus and four
nodal-related proteins (XNR-1–4, have been implicated in
the dorsal–ventral patterning activities of the organizer [11].
The expression pattern of frzb suggested that it may also
play a role in the function of the organizer. As a preliminary
test of Frzb function, both groups ectopically overex-
pressed frzb mRNA by microinjection into the Xenopus
embryo. Overexpression of Frzb, like that of the organizer
factors noggin and chordin, caused partial duplication of
the dorsal axis [7] or resulted in dorsalized embryos with
more head structures at the expense of lateral tissue [8].
One immediately striking feature about frzb in the Xenopus
embryo is its reciprocal expression pattern with Xwnt-8.
Xwnt-8 is expressed in a horseshoe-shaped pattern in the
ventral–lateral regions of the mesoderm, but is excluded
from the organizer [12]. As frzb encodes a secreted Wnt-
binding protein, and has an expression pattern comple-
mentary to Xwnt-8, the authors tested if there was a
functional interaction between these two proteins in vivo.
When Xwnt-8 is ectopically expressed in early cleavage
stage embryos, it can reliably induce a second axis [13,14].
In this situation, it is thought that Xwnt-8 ectopically acti-
vates a signalling cascade involved in the early specifica-
tion of the dorsal axis, although this activity of Xwnt-8
probably does not reflect its endogenous function [2,12]. In
this assay, co-injection of frzb with Xwnt-8 mRNA blocked
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(b) Absence of Frzb
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membrane
Frzb can antagonize Wnt signalling. (a) Frzb may bind Wnt and
prevent its interaction with a Frizzled-like Wnt receptor. In the absence
of Wnt signalling, the serine/threonine protein kinase GSK-3b (Zw-3 in
Drosophila) phosphorylates cytoplasmic β-catenin (β, armadillo in
Drosophila) and, with cooperation of the tumour-suppressor protein
APC, causes the degradation of β-catenin. Low β-catenin levels are
maintained and the cells do not respond. (b) When cells are
stimulated by a Wnt ligand interacting with a Frizzled-like receptor,
cytoplasmic Dishevelled protein (Dsh) is activated, which inactivates
GSK-3β. There is a rise in β-catenin levels, and β-catenin accumulates
in the nucleus in association with the HMG-box DNA-binding protein
TCF (also known as LEF or Pangolin). The β-catenin–TCF complex
acts as a potent transcriptional activator, stimulating Wnt-responsive
genes which ultimately influence the fate or behaviour of cells. 
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the latter’s ability to induce a second axis. Furthermore,
the antagonism occurred non-cell-autonomously, confirm-
ing that Frzb and Xwnt-8 were interacting in the extracel-
lular space (Figure 2) [7,8]. In a second assay for Xwnt-8
activity, overexpression of Xwnt-8 later in development,
during gastrula stages, can ventralize Xenopus embryos and
induce ventral markers in animal cap explants [12]. Again,
the authors found that co-expression of frzb could blocked
this activity of Xwnt-8 [7,8]. 
The late ventralizing activity of Xwnt-8 is consistent with
its expression pattern, and is thought to reflect its normal
function in specifying ventral–lateral fate in the gastrula.
An additional indication that Frzb can antagonize endoge-
nous Xwnt-8 in vivo came from the observation that, as
well as dorsalizing embryos, overexpression of Frzb
blocked expression of the muscle-specific gene MyoD
[7,8]. This is reminiscent of the recent demonstration that
overexpressing a dominant-negative form of Xwnt-8 can
block MyoD expression in Xenopus embryos [15]. Together,
the results suggest that endogenous Xwnt-8 is normally
required for the formation of lateral somitic mesoderm,
and that Frzb can antagonize this function of Xwnt-8.
The organizer: this year’s model
The expression patterns of frzb and Xwnt-8 are reminis-
cent of the reciprocal expression patterns of BMP-4 and
the organizer factors noggin or chordin. Furthermore, the
functional interactions that appear to occur between Frzb
and Xwnt-8 are analogous to the interactions between
BMP-4 and noggin or chordin [16]. We now know that
noggin and chordin exert their dorsalizing effects by phys-
ically binding to BMP-4 and antagonizing its ventralizing
activity [17]. Interactions between dorsal and ventral sig-
nalling molecules are thus a recurring theme, which is
giving us a different picture about how the Spemann orga-
nizer functions.
Up until a few years ago, the prevailing view based on
embryological experiments was that ventral tissue is the
ground state and does not require active signalling to
develop, whereas positive signals from the organizer are
required to induce dorsal fates in the lateral mesoderm
[18]. Recent molecular studies, however, have shown that
active BMP and Xwnt-8 signals are required for specifica-
tion of ventral–lateral cell fates [12,15,17]. Thus, it now
appears that the organizer secretes dorsal antagonists,
Frzb, noggin and chordin, which act by directly binding
the ventral ligands, Xwnt-8 and BMP-4 (Figure 3). This
interaction between ventral ligands and dorsal antagonists
inhibits the transduction of positive ventralizing signals,
presumably by preventing the ligands from interacting
with their cognate receptors. This is unlikely to be the
entire story, however, as this model does not take into
account the activities of other dorsalizing organiser factors,
such as nodal-related and cerberus. 
Future challenges
It is still unclear exactly how these competing dorsal and
ventral signals specify discrete cell types in a coherent
manner across the mesoderm. Do the dorsal factors travel
very far into the ventral lateral tissue and, if so, do cells
simply read the concentration of available BMP-4 or
Xwnt-8 and respond accordingly? Are ectodermal and
endodermal tissues patterned by the same pathways?
Indeed, it appears that BMP-4, noggin and chordin are
involved in the specification of ectodermal and neural
tissue [16]. We also need to understand how cells inte-
grate information from overlapping signalling systems,
such as Wnt and BMP-4. It is perhaps not surprising that
the Wnt–Frzb and BMP-4–noggin/chordin pathways show
such functional similarities, as there are now increasing
numbers of examples where these and other signalling
pathways are elegantly integrated (reviewed in [2,3]). 
Figure 3
A model of mesodermal patterning in Xenopus. The Spemann
organizer (red) secretes the dorsal antagonists Frzb, noggin and
chordin, which antagonize ventralizing Xwnt-8 and BMP-4 signals in
the ventral–lateral mesoderm (pink). This interaction ultimately
influences the patterning and formation of dorsal–lateral cell types,
such as somite and kidney. Interactions between BMP-4 and noggin or
chordin are also involved in cell-fate decisions between the ectoderm
(blue) and neural tissue (white). It is not know if Frzb functions in neural
induction or if these signalling systems are involved in patterning of the
endoderm (yellow).
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An additional level of complexity arises when we consider
that there are at least sixteen different Wnt-related genes
in mouse, which fall into at least two different functional
classes [2]. At least eight frizzled genes have been identi-
fied in mammals, and up to eleven in zebrafish, and pre-
liminary studies indicated that any give Frizzled will bind
only a subset of Wnts [2,5]. It is still early days in estimat-
ing the number of different Frzbs that will be found, but
it is likely they will also bind differentially to specific
Wnts. Understanding the biological consequences of
interactions between different Wnts, Frizzleds and Frzbs
will provide a major challenge for the future. Undoubt-
edly, all will become clearer with continued investigation
into the many different systems where Wnt signalling is
known to occur, such as patterning in frogs, mice and flies
[2], and in human malignancies, where Frzb may act as a
tumour suppressor [7]. 
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